Coupling of a single confined electron-spin to a mesoscopic ensemble of nuclear spins defined by a quantum dot (QD) gives rise to rich physical phenomena such as non-Markovian electron-spin decoherence. It has been argued that controlling QD nuclear spins by carrying out either dynamical nuclear spin polarization (DNSP) or precise measurements of the effective nuclear magnetic field (Overhauser field) would prolong the electron spin coherence time and thereby enhance the prospects of implementing QD spin-based quantum information processing.
and spin splitting of the negatively charged exciton (X-') were studied in the presence of an external magnetic field (Bext), applied in the Faraday geometry ( fig. I a) . X-' consists of two electrons in a spin singlet state and one hole trapped in the QD ( fig. 1 a, inset ) and has been shown to lead to a polarization of the underlying nuclear spin system under circularly polarized excitation [1] .
The observed nuclear effects as a function of Bext could be reliably reproduced by a simple rate equation model. This model includes the condition for dynamical equilibrium between the electron and the nuclear spin system as well as an exponential nuclear spin decay channel [2] . A crucial aspect of the model is the fact that the rate of nuclear spin cooling decreases with increasing effective electron Zeeman splitting. Since this splitting itself depends on DNSP, a strongly nonlinear behavior of the coupled electron-nuclear spin system as a function of Bext is to be expected. An interesting manifestation of this nonlinearity can be seen in the data presented in fig. lb : The strong feedback of DNSP on the nuclear spin cooling rate leads to a bistable behavior of DNSP. [2] B. Eble et al., "Dynamic nuclear polarization of a single charge-tunable InAs/GaAs quantum dot", PRB 74, 081306.
